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Introduction
Water pollution by heavy metal ions has become a serious environmental issue especially due to their toxicity and tendency to bioaccumulation (Sari and Tuzen, 2008; Heidari et al., 2009) . The heavy metal ions are not only toxic to living organisms in water, but also cause harmful effects to land animals including humans through food chain transfers. In living organisms, heavy metal ions can particularly bind to nucleic acids, proteins, and small metabolites. The contaminated organic cells are altered or missed their biological functions with losing the homeostatic control of essential metals, resulting in fatal health problems (Liu et al., 2008) . The release of large quantities of heavy metals into the natural environment e.g. irrigation of agricultural fields by using sewage has resulted in a number of environmental problems and due to their non-biodegradability and persistence, can accumulate in the food chain, and thus may pose a significant danger to human health (Alvarez-Ayuso, Garcia-Sanchez et al., 2003; Ruparelia et al., 2008) . Pb(II) is a highly toxic substance, exposure to which can produce a wide range of adverse health effects for both adults and children. Very low levels of exposure to young children under the age of six can result in reduced IQ, learning disabilities, attention deficit disorders, behavioral problems, stunted growth, impaired hearing, and kidney damage. At high levels of exposure, a child may become mentally retarded, fall into a coma, and even die from lead poisoning. In adults, lead can increase blood pressure and cause fertility problems, nerve disorders, muscle and joint pain, irritability, and memory or concentration problems (NSC, 2007) . Therefore, it is necessary to eliminate such hazardous heavy metal ion in wastewater before discharging it into the ecosystem. The tolerance limits for heavy metal concentration in potable water and discharge into inland surface waters is shown in Table 1 (Naiya et al., 2009) . The contamination of wastewaters and surface waters by toxic heavy metals is worldwide environmental problem. These toxic metal ions commonly exist in process waste streams from mining operations, metal plating facilities, power generation facilities, electronic device manufacturing units, and tanneries. Because of economic and environmental factors, the removal and recovery of heavy-metal ions from industrial wastewater have been a significant concern in most industrial branches (Ngomsik et al., 2009; Yin et al., 2010) . The most commonly applied physicochemical treatment methods are: (i) precipitation as hydroxides, carbonates or sulfides and subsequent liquid-solids separation by gravity settling, and flotation or filtration, (ii) sorption (adsorption, ion exchange), (iii) membrane processes, (iv) electrolytic recovery and (v) liquideliquid extraction (Afkhami and Conway, 2002; Afkhami et al., 2008; Hota et al., 2008; Wang and Chen, 2009 ). However, each method has its merits and limitations in application and they are often limited by technical and economical issues (Pacheco et al., 2006; Wang and Chen, 2009) . Also these methods have significant disadvantages, which are for instance incomplete removal, high-energy requirements, production of toxic sludge or waste products that also require disposal and become economically unviable for the removal of heavy metals at lower concentrations (Aklil et al., 2004) . The adsorption process is arguably one of the more popular methods for the removal of heavy-metal ions because of its simplicity, convenience, and high removal efficiency (Luisa Cervera et al., 2003; Santos Yabe and de Oliveira, 2003; Afkhami et al., 2007) . The adsorption process with activated carbon is attractive to many scientists because of the effectiveness of the removal of heavy-metal ions at trace quantities (Wang and Kuo, 2008; Rao et al., 2009 ). However, the process has not been used extensively because of its high cost (Dias et al., 2007; Wang and Kuo, 2008; Rao et al., 2009 ) Therefore, the use of low-cost materials as sorbents for metal removal from wastewater has been a focus. Using low-cost biosorbents such as agricultural wastes, clay materials, biomass, and seafood processing wastes may be an alternative wastewater technology because they are inexpensive and capable of removing trace levels of heavy-metal ions (Jiang et al., 2009; Munagapati et al., 2010) . However, to improve their absorption capacity and enhance the separation rate, the design and exploration of novel adsorbents are still necessary.
Recently, application of nanoparticles for the removal of pollutants has come up as an interesting area of research. The unique properties of nanosorbents are providing unprecedented opportunities for the removal of metals in highly efficient and cost-effective approaches, and various nanoparticles and dendrimers have been exploited for this purpose (Jiang et al., 2009; Afkhami and Moosavi, 2010; Yang et al., 2011) . Nanoparticles exhibit good adsorption efficiency especially due to higher surface area and greater active sites for interaction with metallic species. Furthermore, adsorbents with specific functional groups have been developed to improve the adsorption capacity (Turker, 2007) .
Nanoscale metal oxides potentially offer a more cost efficient water treatment and remediation technology due to their size and adsorption efficiency (Zhang, 2003; Engates and Shipley, 2010) .
CuO was found to be an effective adsorbent for heavy metals as arsenic because it did not require pH adjustments or oxidation of As(III) to As (V) and it performed well in the presence of competing anions. These studies attributed the effective removal of arsenic by CuO to its high point of zero charge. CuO's point of zero charge is estimated to be 9.4 AE 0.4 (Martinson and Reddy, 2009 ).
The present work aims to prepare CuO nanoparticles with different morphologies with simple and facile method and test the effect of the morphology of the prepared nanoparticles on their adsorption efficiency.
Materials and methods
Different morphologies of nano-sized particles of copper (II) oxide were prepared using microwave heating technique, (Black and Decker, MZ3000PG/MZ3000PGSA/England). The prepared nanostructures were: b e n i -s u e f u n i v e r s i t y j o u r n a l o f b a s i c a n d a p p l i e d s c i e n c e s 2 ( 2 0 1 3 ) 6 1 e7 1 
Preparation of the CuO nanoleaves and small nanorods
The CuO nanoleaves were prepared using Diethylene glycol (DEG) assisted microwave process. Specific amount of CuSO 4 $5H 2 O was dissolved in de-ionized water under stirring, after 5 min, 20 ml DEG and 20 ml of 2 M NaOH solution were introduced into the above aqueous solution under continuous stirring. The solution was heated using microwave radiation with power 450 W for 10 min. After the reaction was completed, the precipitate was filtered, washed with distilled water and finally dried at 80 C for 5 h. The small nanorods shape was obtained by repeating the same procedure and applying the precipitation step at 100 C for copper sulphate solution.
Preparation of the CuO porous nano sheets
3.6 g of Cu(NO 3 ) 2 $3H 2 O was dissolved in 300 ml deionized water and then 30 ml of DEG was poured into the solution. After DEG uniformly dispersed in the solution, NaOH pellets were added. The solution was stirred for 2 h then; the blue suspension was heated using microwave radiation with power 900 W for 5 min. After the reaction was completed, all precipitate was filtered, washed with distilled water and finally dried at 80 C for 5 h.
Characterization of the prepared nano-materials
Morphology and microstructure of CuO nanostructures were studied using transmission electron microscope (JEOL JEM-2100 TEM). X-ray diffraction technique using X-ray phase analysis (PW 1730) with nickel filtered Cu radiation at 40 kV and 30 mA, and EDX (JEOL JED-2300 SEM) were used to investigate the crystalline phase and chemical composition of the prepared samples. The average crystal size was calculated using the XRD peaks with the application of a software computer programme TOPAZ2 depending on the following Scherer's formula (Cullity, 1978) .
where D is the crystallite size, l is the X-ray wave length, b is the broadening of the diffraction peak and q is the diffraction angle.
The BET surface area for the prepared samples was determined using a Quantachrome NOVA Automated Gas Sorption System Report.
Batch removal experiments for adsorption of lead Pb(II) ions
The adsorption of lead was studied by a batch operation at room temperature. The batch mode adsorption was selected due to its simplicity.
Effect of PH on adsorption of Pb(II) ions
The adsorption experiments were carried out in a series of 250 ml Erlenmeyer flasks containing 0.1 g nano structured CuO and 50 ml of 50 mg/l Pb ions solution at serial pH values (3e6.5). The prepared samples were shaken with mechanical shaker for 6 h. Then solid/liquid phases were separated by filtration. The concentration of the Pb(__) ions before and after adsorption was determined using Atomic Absorption mass spectrometry (Thermo electron Ltd., solar House Cambridge. UK, Solar M 6 A.A.spectrometer). The adsorbed amount of metal ions onto the CuO nanostructures was calculated according to the following equations:
where Q is the adsorptivity (%), C 0 and C t are the concentration of metal ions before and after adsorption in mg, V is the volume of metal ions solution in liter scale, and W is the weight of the adsorbent in gram scale.
Effect of contact time on adsorption of Pb ions (II)
Typically, 0.1 g nano structured CuO was added into each flask containing 50 ml of Pb(II) ion solution of 50 mg/l at a pH value of 6.5. The prepared samples were shaken with mechanical shaker for different intervals of time (from 1 to 6 h). After a desired time, the CuO was removed from the solution by filtration. The residual Pb(II) ion concentration was determined by Atomic Absorption spectrophotometer.
Effect of initial metal ion concentration on adsorption of Pb(II) ions and adsorption isotherm
Typically, 0.1 g nano structured CuO was added into each flask containing 50 ml of Pb(II) ion solutions with various initial metal ion concentrations (from 100 mg/l to 300 mg/l) at pH 6.5. All the flasks were shaken with mechanical shaker. At the end of the equilibrium period, the CuO was removed from the solution by filtration. The residual Pb(II) ion concentration was determined by Atomic Absorption spectrophotometer. The amount of Pb(II) ions adsorption at equilibrium q e (mg/g) was calculated from the following equation:
where q e is the equilibrium adsorption capacity of adsorbent in mg (metal)/g (adsorbent), C 0 is the concentration of metal ions before adsorption in mg/l, C e is the equilibrium concentration of metal ions in mg/l, V is the volume of metal ions solution in liter scale, and W is the weight of the adsorbent in gram scale.
Adsorption kinetics experiment
Kinetic experimental procedures were identical to the equilibrium tests. The effect of contact time on the amounts of adsorbed Pb(II) ions on the adsorbent materials at any time, t, were calculated from the concentrations in solutions before and after adsorption. At any time, the amount of adsorbed Pb(II) ions (mg/g) onto the adsorbent materials was calculated from the mass balance equation as follows:
where Q t is the amount of adsorbed Pb(II) ions on the adsorbent materials at any time (mg/g); C 0 is the concentration of metal ions before adsorption in mg/l, C t is the concentration of metal ions after adsorption in mg/l, V is the volume of metal ions solution in liter scale, and W is the weight of the adsorbent in gram scale.
Results and discussion

Characterization
XRD patterns (Fig. 1) confirm that Nano-sized copper oxide powder was successfully prepared by precipitation method using microwave heating technique. It is clearly seen that XRD patterns for all samples are identical to the single phase of CuO with a monoclinic structure with two main peaks at 2q value 35.5 and 38.6. No other peaks are observed, indicating the high purity and well crystallinity of the obtained samples. The average crystallite size was calculated using X-ray peak broadening technique of the main peak and was found to be 19.4, 12.9, 13.1, 9.4, 11.5 nm for sample A, B, C, D and E, respectively.
The chemical composition of the nanostructures was analyzed using energy dispersive spectroscopy (EDS) where its spectrum reveals that the atomic ratio of Cu:O is equal to 1:1 in the five samples (Fig. 2) .
TEM images of the produced CuO nanostructures are presented in Fig. 3(aef) , where the different morphologies that be achieved simply by changing the preparation condition can be clearly observed. Fig. 3 (a) depicts the typical TEM image of the oval shaped CuO nanoparticles where small spherical nanoparticles with 20 nm in size are aggregated to form oval shaped CuO with a width range from 150 to 200 nm and a length range from 350 to 400 nm with tapered sides. Fig. 3 (b) shows TEM. image of a cluster shaped CuO nanoparticles which has a crystal size about 13 nm and consists of spherical nanoparticles with diameter about 5e8 nm, this cluster length ranges from 110 to 250 nm. Fig. 3(c) shows TEM image of leaves structure morphology with a width range from 100 to 200 nm and with a length range from 250 to 450 nm and serrated edges. Fig. 3(d) illustrates the TEM image of nano rod shape with a diameter range from 6 to 12 nm and a length range from 50 to 70 nm. Fig. 3(e) shows TEM image of porous nanosheets structures with a length range from 145 to 230 nm and a width range from 70 to 100 nm with a thickness of 1 nm and pores diameter ranging from 0.8 to 2 nm as it appear in Fig. 3(f) .
The BET method is applied to evaluate the specific surface area of the CuO nanostructures. The obtained specific surface area for oval, cluster, leaves, small nanorods and porous nanosheets are 5.62, 2.95, 14.35, 3.598 and 4.774 m 2 /g, respectively.
Effect of the process temperature
For sample A, C, B and D, the adding of NaOH temperature has a clear influence on the shape and size of CuO nanocrystal. As it can be seen from Fig. 3(a) , the oval shape has crystal size of 19.4 nm with dense agglomerated nanoparticles when NaOH added at mild reaction condition. Adding NaOH to boiling solution with 100 C yields cluster shape of identified spherical nanoparticles with crystal size of 12.9 nm as shown in Fig. 3(b) . Also as shown from Fig. 3(c) , the agglomerated leaves shape with crystal size of 13.1 nm, which is formed when NaOH was added at mild reaction condition, changed into homogenous nanorod with crystal size of 9.4 nm when NaOH was added to boiling solution with 100 C as shown in Fig. 3(d) The difference in crystal sizes is due to temperature degree of CuO particles were low at mild reaction solution while higher temperature caused higher reaction rate which might cause large amount of nuclei formation in a short time without aggregation. On the other hand, nucleation and growth rate of condition which led to aggregation of CuO particles to form larger size of the crystals (Zhu et al., 2004) . While higher temperature increased the reaction rate leading to large amount of nuclei formation in a short time without aggregation.
Effect of DEG
The high polarizability of DEG makes this solvent an excellent microwave absorbing agent leading to a high heating rate and a significantly shorter reaction time (Niederberger and Pinna, 2009) . Furthermore, DEG stabilizes the particle surfaces during nucleation and crystallization, and therefore prevents particle growth and aggregation. This stabilizing effect of multidentate and high-boiling alcohols (so-called polyols, e.g. diethylene glycol/DEG, ethylene glycol, glycerine) has already been described and used to prepare a wide range of nanoscale materials, including elemental metals, oxides, sulfides or fluorides (Feldmann et al., 2006) . It is shown that samples C, D and E have smaller crystal size than that of A and B which are prepared without adding DEG.
3.4.
Adsorption studies of Pb(II) ion on CuO nanostructures 3.4.1. Effect of initial pH pH is an important factor affecting the removal of cations from aqueous solutions. The dependence of metal sorption on pH is related to both the metal chemistry in the solution and the ionization state of the functional groups of the sorbent 
which affects the availability of binding sites (Heidari et al., 2009; Ngomsik et al., 2009) .
In order to evaluate the influence of this parameter on the adsorption of Pb(II) ions, the experiments were carried out with the pH range of (3, 4, 5, 6, 6.5). The pH range was chosen as (3e6.5) in order to avoid precipitation of Pb in the form of metal hydroxides. The effect of pH on adsorption efficiencies is shown in Fig. 4 Removal of Pb(II) ions increases gradually with increasing solution pH from 3 to 6.5 and the maximum value was reached at pH of 6.5, So it was considered as optimum condition. Similar behavior has been reported by many authors (Zhang et al., 2001; Mohapatra and Anand, 2007) for the uptake of metal ions on various adsorbents. At low pH, the percentage adsorption is low for these metal ions, as large quantities of protons compete with metal cations for the adsorption sites. According to Low et al. (1995) , at low pH value, the surface of the adsorbent, would be closely associated with hydronium ions (H 3 O þ ) and hold mainly protonated sites as a result, the surface maintains a net positive charge. Hence it hinders the access of the metal ions to the surface functional group. Consequently the percentage of metal ion removal may decrease at low pH. The positive charge on adsorbent surface, however, gradually decreases as pH increases, thus reducing the electrical repulsion between sorbing surface and cations. Moreover, lower H þ concentration also favors cation sorption by mass action. For example, the adsorption of bivalent cations such as M 2þ on iron oxide can be written as:
Lowering H þ concentration will drive this reaction toward the right-hand side and favor the sorption of M 2þ by increasing pH (Mohapatra et al., 2010) .
Effect of contact time
The importance of contact time comes from the need for identification of the possible rapidness of binding and removal processes of the tested metal ions by the synthesized adsorbents and obtaining the optimum time for complete removal of the target metal ion. The analysis of batch adsorption of metal ions was carried out in 30 min steps and the concentration of each sample was measured by atomic absorption spectroscopy after 6 h contact time. The data for adsorption experiment were replicated three times and the results were averaged. The results were recorded and the time profile of heavy-metal ions adsorption was plotted as shown in Fig. 5 . There is an increase in adsorption with increase in contact time and maximum adsorption takes place at 4 h and again after 4 h contact time there was no further adsorption. This may be due to the fact that initially all adsorbent sites were vacant and the solute concentration gradient was high. Later, the lead uptake rate by adsorbent was decreased significantly, due to the decrease in number of adsorption sites as well as lead concentration. Therefore, the optimum contact time for adsorption of the heavy metals was considered to be 4 h.
Effect of initial Pb(II) ions concentration with different morphologies of CuO
The Pb(II) ion removal performance of the CuO was evaluated as a function of the initial Pb(II) ion concentration (from 100 mg/l to 300 mg/l) at a pH value of 6.5. In this study, the adsorption time was fixed at 24 h to achieve an equilibrium state. As illustrated in Fig. 6 , the Pb(II) ion adsorptivity (% removal) depended on the initial Pb(II) ions concentration. Where the adsorptivity decreases with the increasing of initial lead concentration. This is a result of the increase in the driving force from the concentration gradient. The results given in Fig. 6 show that the adsorptivity toward CuO nanostructures were in the order leaves > cluster > porous nanosheets > oval > small nanorods within the studied range of initial metal ion concentrations.
Leaves structure has obviously better removal ability than the other samples due to very large surface area. Although cluster structure and porous nanosheet structure have smaller surface area than oval structure, they have higher activity toward adsorption of lead. This may be due to unique structure of cluster shape which is consisted of aggregated spheres and porosity of porous nanosheets.
3.5.
Adsorption isotherm and kinetics of adsorption of Pb(II) metal ions onto CuO nanostructures
Adsorption isotherm
The relationship between the amount of a substance adsorbed per unit mass of adsorbent at constant temperature and its concentration in the equilibrium solution is called the adsorption isotherm. Adsorption isotherm is important to describe how solutes interact with the sorbent. Developing an appropriate isotherm model for adsorption is essential to the design and optimization of adsorption processes. Several isotherm models have been developed for evaluating the equilibrium adsorption of compounds from solutions, such as Langmuir, Freundlich, RedlichePeterson, DubinineRadushkevich, Sips, and Temkin (Dabrowski, 2001) .
Since the more common models used to investigate the adsorption isotherm are Langmuir and Freundlich equations, the experimental results of this study are fitted with these two models. The equilibrium adsorption isotherms are important in determining the adsorption capacity of Pb(II) metal ions and diagnose the nature of adsorption onto the CuO nanostructures.
The equilibrium adsorption capacity of adsorbent was calculated by the following equation:
where q e is the equilibrium adsorption capacity of adsorbent in mg metal/g adsorbent, C 0 is the initial concentration of the metal ions in mg/l, C e is the equilibrium concentration of metal ions in mg/l, V is the volume of metal ions solution in L, and W is the weight of the adsorbent in g. The equilibrium adsorption of metal ion solutions by adsorbent was measured (50 ml of 100e300 mg/l) after equilibrium time. The adsorption isotherms of Pb(II) metal ions on the CuO nanostructures are shown in Fig. 7 . As shown in Fig. 7 , equilibrium uptake increased with Pb(II) metal ions concentration. This is a result of the increase in the driving force from the concentration gradient. In the same conditions if the concentration of Pb(II) metal ions is higher, the active sites of the CuO nanostructures are surrounded by many more Pb(II) metal ions, and the process of adsorption would carry.
The most widely used Langmuir equation, which is valid for monolayer sorption on a surface with a finite number of identical sites, is given by (Langmuir, 1918) .
where C e (mg/l) is the equilibrium concentration, q e (mg/g) is the amount of adsorbate adsorbed per unit mass of adsorbate, and q 0 and K L are the Langmuir constants related to the adsorption capacity and the rate of adsorption, respectively. When C e /q e was plotted against C e , a straight line with a slope of 1/q 0 was obtained ( Fig. 8(a) ), indicating that the adsorption of Pb(II) metal ions on the CuO nanostructures follows the Langmuir isotherm. The Langmuir constants K L and q 0 were calculated from this isotherm and their values are listed in Table 2 . Another important parameter, R L , called the separation factor or the equilibrium parameter, is evaluated in this study and determined from the following relation (Hall et al., 1966 )
Here, K L is the Langmuir constant (l/mg) and C 0 (mg/l) is the highest Pb(II) metal ions concentration. The value of R L indicates whether adsorption will be unfavorable adsorption onto the CuO were (
. R L values for Pb(II) metal ions were calculated and its value was less than 1 and greater than zero indicating favorable adsorption ( Table 2) . The Freundlich isotherm model is an empirical relationship describing the adsorption of solutes from a liquid to a solid surface, and assumes that different sites with several adsorption energies are involved. The linear form of the Freundlich equation is:
where q e is the amount adsorbed at equilibrium (mg/g) and C e is the equilibrium concentration of Pb(II) metal ions. K F and n are Freundlich constants, where K F (mg/g (l/mg) 1/n ) is the adsorption capacity of the adsorbent and n giving an indication of how favorable the adsorption process. The slope 1/n ranging between 0 and 1 is a measure of adsorption intensity or surface heterogeneity, becoming more heterogeneous as its value gets closer to 0 (Haghseresht and Lu, 1998) .
The plot of ln q e versus ln C e (Fig. 8 (b) ) gives straight lines with slope 1/n. Fig. 8 (b) shows that the adsorption of Pb(II) metal ions also follows the Freundlich isotherm. Accordingly, Freundlich constants (K F and n) were calculated and listed in Table 2 .
Kinetics analyses
The dynamics of the adsorption process in terms of the order and the rate constant can be evaluated using the kinetic adsorption data. The process of Pb(II) ions removal from an aqueous phase by adsorbent can be explained by using kinetic models and examining the rate-controlling mechanism of the adsorption process such as chemical reaction, diffusion control and mass transfer. The kinetic parameters are useful in predicting the adsorption rate which can be used as important information in designing and modeling of the adsorption operation. The kinetics of removal of metal ions are explicitly explained in the literature using pseudo-first-order, pseudo-second-order and intraparticle diffusion kinetic models. b e n i -s u e f u n i v e r s i t y j o u r n a l o f b a s i c a n d a p p l i e d s c i e n c e s 2 ( 2 0 1 3 ) 6 1 e7 1
In order to investigate the mechanisms of metal adsorption process, the linearized equations of pseudo-first-order, pseudosecond-order and intraparticle diffusion kinetic models were applied and the results were shown in Fig. 9 . The pseudo-firstorder kinetic model assumes that the binding is originated from physical adsorption and the equation is given as:
where q e and q are the amounts of Pb(II) ions adsorbed on the CuO nanostructures in mg(metal)/g(adsorbent) at equilibrium and at time t respectively, and k 1 is the rate constant of the pseudo first-order model for the adsorption (min
À1
) (Demirbas et al., 2009) . The values of q e and k 1 can be determined from the intercept and the slope of the linear plot of ln (q e À q) versus t.
The pseudo second-order model is based on chemical adsorption (chemisorption) and the equation is given as:
where q e and q follow the same definition as the pseudo firstorder model and k 2 is the rate constant of the pseudo secondorder model for adsorption (g/mg min) (Demirbas et al., 2009) . The slope and intercept of the linear plot of t/q against t yielded the values of q e and k 2 . Additionally, the initial adsorption rate h (mg/g min) can be determined from h ¼ k 2 q 2 e . Since neither the pseudo first-order nor the second-order model can identify the diffusion mechanism, the kinetic results were analyzed by the intraparticle diffusion model to elucidate the diffusion mechanism, which model is expressed as:
where C is the intercept and k i is the intraparticle diffusion rate constant (mg/g min 1/2 ), which can be evaluated from the slope of the linear plot of q versus t 1/2 (Weber and Morris, 1963) . The results of Fig. 9 are fitted using pseudo-first-and second-order models and intraparticle diffusion model. The fit of these models was checked by each linear plot of ln (q e À q t ) versus t, (t/q t ) versus t and q t versus t 1/2 , respectively as shown in Fig. 9 (aec). Table 3 presented the coefficients of the pseudofirst and second-order adsorption kinetic models and the intraparticle diffusion model. By comparing to the regression coefficients for each expression. First order rate expression and intraparticle diffusion model is not fully valid for the present systems due to low correlation coefficients. Hence for the first order rate expression, the experimental q e values do not agree with the calculated ones obtained from the linear plots. A good agreement of the experimental data with the second order kinetic model was observed for different adsorbent which is presented in Fig. 9(b) . Correlation coefficients for the linear plots using the pseudo-second order model are superior (in most cases >0.99), and theoretical and experimental q e values show excellent agreement.
Therefore, it is likely that the sorption of Pb(II) ions by CuO nanostructures is kinetically controlled as a second order reaction rather than a first order process. The pseudo-second order model assumes chemical sorptions as the rate-limiting process. 
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4.
Conclusions
CuO nanostructures with different morphologies have been synthesized using microwave heating technique. The produced CuO nanostructures were characterized by XRD, EDX, TEM, and BET. The XRD and EDX patterns confirm that the prepared nanostructures are pure CuO with atomic ratio 1:1 for all samples. In this study, batch adsorption experiments for the removal of Pb(II) from aqueous solutions have been carried out using CuO nanostructures as adsorbent. The adsorption characteristics have been examined at different pH values, contact time and initial metal ion concentrations. The obtained results can be summarized as follows:
The pH experiments showed that the governing factors affecting the adsorption characteristics of all CuO nanostructures are competition of the H þ ions with metal ions at low pH values, maximum adsorption at pH 6.5. The optimum contact time for adsorption of the heavy metals was considered to be 4 h and after which there was no further adsorption. The adsorption experimental results of these heavy metals are in a good correspondence with the Langmuir and Freundlich isotherms. All kinetic results suggest that the adsorption of lead (II) by nano structured CuO followed the second-order kinetics model, which relies on the assumption that chemical adsorption may be the rate-limiting step involving valence forces through sharing or exchange of electrons between adsorbent and adsorbate.
The maximum capacity of oval, cluster, leaves, small rod and porus nanosheets CuO nanostructures for Pb 2þ are 125, 116, 117, 120 and 115 mg/g. By comparison of the results obtained from this study to the previously reported work on adsorption capacities of various adsorbents in aqueous solution for heavy metal ions, it can be stated that the results of the present work are well.
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